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_____________________________________________________________________________________

ABSTRACT
Fallen tree logs provide an ideal moist habitat for Arachnids in the Order Opiliones. This study compares
pasture and forest logs to determine which of the two habitat types Opiliones prefer. Log size and degree
of decomposition were examined to determine their effect on Opilion abundance and species richness.
Logs in pasture and forest sites at Monteverde and Cañitas, Costa Rica were overturned and searched for
Opiliones. Opiliones were found to be more abundant and species rich in the pasture than in the forest.
However, forest logs have a higher index of diversity than pasture logs. A positive correlation was found
between volume (size) and species richness (forest: p = 0.024, r = 0.0207; pasture: p = 0.001, r = -0.295)
and between volume and Opilion abundance in pasture logs (p < 0.0001, r = 0.401) but not in forest logs
(p = 0.063, r = 0.171). No correlation was found between degree of decomposition and Opilion
abundance (forest: p = 0.839, r = 0.019; pasture: p = 0.598, r = 0.048) or species richness (forest: p =
0.916, r = 0.01; pasture p = 0.875, r = 0.014). Negative effects of deforestation on Opilion diversity were
looked at in global terms and reasons for these effects were hypothesized and discussed.

RESUMEN
Arboles caídos provén un hábitat ideal para invertebrados en la Orden Opiliones. Este estudio compara
troncos en el potrero y troncos en el bosque para determinar cuál de los dos hábitats prefieren. También
examina el tamaño y el grado de descomposición de troncos en el suelo para determinar el efecto de estos
factores a la abundancia de Opiliones. Troncos en sitios de potrero y bosque fueron examinados por
Opiliones. Fue descubierta que hay más Opiliones y más especies de Opiliones en el potrero que en el
bosque. Sin embargo, troncos en el bosque tiene un índice de diversidad más grande que troncos en el
potrero. Una correlación positiva fue descubierta entre volumen (tamaño) y cantidad de especies (bosque
= 0.024, r = 0.0207; potrero: p = 0.001, r = -0.295) y entre volumen y la abundancia de Opiliones en el
potrero (p < 0.0001, r = 0.401) pero no en el bosque (p = 0.063, r = 0.171). No descubrí una correlación
entre el grado de descomposición y la abundancia de Opiliones (bosque: p = 0.839, r = 0.019; potrero: p =
0.598, r = 0.048) o la cantidad de especies de Opiliones (bosque: p = 0.916, r = 0.01; potrero: p = 0.875, r
= 0.014). Los efectos negativos de deforestación fueron examinados en términos globales y razones por
estos efectos fueron discutidos.

INTRODUCTION
Treefalls are an important component of the dynamics of tropical forests (Denslow,
1987). These falls are mostly attributed to rainfall. Large amounts of rain cause the soil to
become wet and unstable. Also, rain increases the weight limbs and trunks have to
support. The combination of unstable soils and added stress can result in trees being
uprooted or broken off, causing them to fall (Brokaw, 1982). The result of these treefalls
are gaps in otherwise contiguous forest. These light gaps provide an essential
environment for the establishment and growth of rainforest trees (Denslow, 1987). The
fallen trees also contribute to forest dynamics simply by remaining on the ground on
which they fall. The logs persist for long periods of time until they decompose
completely. As they decompose, they slowly release nutrients which are taken up by
surrounding plants (Longman, 1987).
Logs also provide a substrate for plants to grow on and a moist home for animals
to live in. One type of animal which takes advantage of this habitat are members of the
Order Opiliones (Arachnida: Chelicerata), also called “Harvestmen” or “Daddy-longlegs”. These spider-like invertebrates favor shady, moist habitats. Decomposing logs
provide such a habitat. Opiliones are characterized by long, slender legs and a simple,
oval body held close to the ground. They normally possess eight legs, three-segmented
chelicerae that have long blades, and leglike pedipalps. Their diet consists of small
invertebrates and plant detritus, both of which can be found on or around logs (Hogue,
1993).
Three factors of logs can be looked upon in regards to Opilion abundance and
species richness, the first of which is log size. Larger logs, simply by containing more
surface area, are more heterogeneous than smaller logs. This heterogeneity creates a
greater number of microhabitats in large logs, allowing for inhabitance of many different
species with differing habitat requirements. Also, a large log would have a larger
abundance and diversity of resources to sustain larger numbers of individuals and more
species of Opiliones. The second factor is the degree of decomposition of the log. A log
that has had more time to decompose has also had more time to attract Opiliones; and
therefore, will most likely have larger populations and be more species rich in Opiliones.
The third factor is the physical environment. Opiliones favor moist environments, so,
because forests are more moist than pastures, they will probably show a greater
abundance and species richness of Opiliones than a pasture. A similar study showed
higher Coleopteran species richness and abundance in forest habitats (Jan, 1994). I
assume that my results will be similar to hers because diversity patterns tend to
correspond across taxa (Reid, 1998). I predict that Opilion abundance and species
richness will increase with increasing log size and age, and that Opilion abundance and
species richness will be higher in forest habitat than in pasture habitat.

MATERIALS AND METHODS
Data were collected in pasture and secondary forest sites at La Estación Biológica,
Monteverde, Puntarenas Province, Costa Rica (elev. 1570m) and on private land in
Cañitas, Guanacaste Province, Costa Rica (elev. 1390m). This study was conducted over
the course of about a month, from October 23, 1999 to November 17, 1999. A total of
240 logs were observed, 120 in each habitat type (pasture, forest), 50 from Cañitas and 70
from Monteverde. Each log’s length and width were measured to the nearest centimeter
and these measurements were used to calculate the volume of the log, which was used as
the indicator of size. A penetrometer was used to determine the degree of decomposition
of the log. Three measures were made with the penetrometer on various parts of the log,
and an average of these three was used to determine its overall decomposition. The log
was then flipped over and an extensive search for Opiliones was performed. If Opiliones
were found, they were collected with tweezers and a morphological species key was then
composed. All Opiliones collected were then compared to this key. The number of
individuals and number of species found in each log was recorded.

RESULTS
A total of 32 morphological species of Opiliones were found, with 20 found in the
pasture sites and 16 in the forest sites. There were 15 species found in the pasture that
were not found in the forest and 11 species found in the forest that were not found in the
pasture. Only five species overlapped between sites.
Species richness was significantly higher in the pasture sites than in the forest sites
(Mann Whitney U test, p = 0.016, Fig. 11) and so was the abundance of Opiliones (p =
0.0089, Fig 12). Shannon-Wiener Indices of Diversity for the Opiliones, however, were
significantly higher in the forest (H’ = 1.11) than in the pasture (H’ = 0.496) (modified ttest, t = 8.28, p < 0.001). Log volume between pasture and forest habitat were not
significantly different (2-way ANOVA, p = 0.721, mean for pasture = 0.015m3, n = 120,
sd error = 0.002; mean for forest = 0.013 m3, n = 120, sd error = 0.002). This shows that
the same variety of log sizes were observed in the pasture as in the forest. However,
forest logs were significantly more decomposed than pasture logs (2-way ANOVA, p <
0.001, mean for pasture = 3.89, n = 120, sd error = 0.076; mean for forest = 3.31, n =
120, sd error = 0.106). In the forest, there was a positive correlation between volume and
species richness of a log (simple regression, p = 0.024, r = 0.0207, Fig. 1) but no
correlation was found between volume and number of individuals (p = o.063, r = 0.171,
Fig. 2). Also, no correlation was found between degree of decomposition and species
richness (p = 0.916, r = 0.01, Fig. 5) or between degree of decomposition and number of
individuals (p = 0.839, r = 0.019, Fig. 6) of logs in the forest. In the pasture, a positive
correlation was found between volume and species richness (p = 0.001, r = -0.295, Fig. 3)
and between volume and number of individuals (p < 0.0001, r = 0.401, Fig. 4). Like the
forest, the pasture logs showed no correlation between degree of decomposition and

species richness (p = 0.875, r = 0.014, Fig. 7) or number of individuals (p = 0.598, r =
0.048, Fig. 8).

DISCUSSION
Although species richness and Opilion abundance were found to be higher in the pasture
than in the forest, forest logs had a higher index of diversity than pasture logs. This is
because one morphospecies (Species 4) accounted for 75% of the abundance of Opiliones
in the pasture, while individuals in the forest were spread out relatively evenly among its
16 species (Fig. 13). Pasture logs show a trend towards monodominance which can be
accounted for by Hubbell’s nonequilibrium theory (Terborgh, 1992). The disturbance of
clearing the forest in order to create the pasture caused varying degrees of stress on the
different species of Opiliones. Some species are more resilient than others such that these
species survive while others reduce in numbers or even become extinct. The decline of
species that occupy a similar niche as another species cause more resources to become
available to the surviving species, allowing it to thrive. Species 4 proved more resistant to
the effects of the disturbance of deforestation, thereby becoming dominant over other
Opilion species. The fact that pasture logs had a greater number of Opilion species and
individuals could be because the disturbance has not had enough time to cause species to
become extinct. The disturbance has reduced numbers of individuals drastically relative
to the resistant species; however, not many of the original species in the area have gone
extinct yet. This can also account for the less species and individuals found in forest logs.
Since the forest in which I collected data was secondary forest, it is recovering from the
same sort of disturbance currently affecting the pasture. Because of the disturbance, some
of the less resilient Opilion species went locally extinct. Even with the return of favorable
habitats with the regrowth of the forest, immigration is not fast enough to help species
richness recover rapidly. So, less species and less abundance of Opiliones in the forest is
simply because diversity takes a long time to recover locally.
Lower numbers of species and individual Opiliones in the forest can also be
attributed to the more favorable habitat of the forest. Because forest sites are more moist,
it is not necessary for forest Opiliones to seek out moist logs under which to live. This
can be seen in the greater number of forest logs that contained no Opiliones (Fig. 9 &
10). Pasture sites are drier because the ground is not shaded by an immense number of
trees, therefore, the sun hits the ground to a greater extent in pasture sites and reduces
moisture. Pasture Opiliones are more limited to logs as home sites. Moist areas are rare in
the pasture and therefore logs are one of the few habitats that are moist enough to be
suitable. Forests also contain more microhabitats than pastures; the moist ground allows
Opiliones to not only live underneath logs but also under leaf litter and even in trees. So,
the fact that less species and individual Opiliones were encountered in the forest could
just be because forest Opiliones do not have to live under logs in the forest; there are
many more favorable microhabitats in which Opiliones can live.
Decreasing numbers of favorable microhabitats for Opilion species by
deforestation and extinction of less resilient Opilion species via this disturbance are

examples of decreasing biodiversity with increasing deforestation. With the destruction
of their niches, species are unable to survive; biodiversity decreases as species go extinct.
My data could also show the large amount of time forests take to recover their original
biodiversity once it has been disturbed. Secondary forest sites of this study, if looked at in
this light, have not fully recovered their Opilion abundance though the forest seems to
have grown back considerably. Therefore, these effects of deforestation have negative
effects on biodiversity.
Increased volume of logs had a positive effect on Opilion species richness. Bigger
logs contain more microhabitats so they can accommodate a larger variety of species than
smaller logs. This could be a trend across taxa because I did notice that I found more
invertebrates under larger logs than smaller ones. Resources would be more abundant and
diverse under larger logs as well. Because of this fact, farmers and landowners should be
convinced not to clear the ground of their land or free it from debris. These logs, though
seemingly useless provide habitats for many different kinds of animals. To eliminate
logs, especially the large ones, would be to destroy the homes of many species of
animals.
Degree of decomposition showed no significant effect on species richness or
abundance of Opiliones on the log. This may be because degree of decomposition was
not a good indicator of the time the log had been on the ground. Decomposition may take
longer in some logs than others due to wood density or fungus infection. On the whole,
logs take a long time to decompose and Opiliones could have come and gone in the time
it took the log to show signs of decomposition. Colonization by Opiliones, could be
taking place over a shorter time than it takes the log to decompose. It was determined that
Opiliones have no preference towards either hard or soft logs.
Observationally, I noticed that other characteristics of the logs, which are probably
themselves factors of the environment in which they are found, affected whether or not I
would find Opiliones living under the log. One such factor was water. When a log was
inundated with water or soaked with it, I was less likely to find Opiliones living
underneath it. This could be because of Opiliones’ fragile legs which can be easily
broken off (Levin & Levin, 1968). Too much water would be unfavorable for Opiliones
because of this fact; Opiliones would tend to avoid logs with excessive amount of water
to protect themselves from harm. Also, I noticed that when an ant colony was present
under a log, I was less likely to find Opiliones living there. Possibly, ants outcompete
Opiliones, running them out of the logs in which they have nests. To see the real effects
of these factors on Opiliones rather than depending on observation, further studies could
be conducted. Studying the effects of water on the different species and competition by
ants would be interesting in examining the behavior of Opiliones.
Some information on the behavior of Opiliones was obtained through this project,
however, it is more useful to use it as a tool in predicting global trends. Decreasing
microhabitats and resources by deforestation has fatal consequences for species
depending on those resources. Opiliones exemplify this by their response to the
disturbance of the creation of the pasture. Lower diversity in the pasture might be a
consequence of deforestation. More and more favorable microhabitats in forest sites

might give Opiliones a noticeably greater number of home choices. More Opiliones on
bigger logs and the deforestation effects make leaving the land as it is a strong solution in
conserving biodiversity.
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